Introduction {#sec0001}
============

Primary pulmonary artery sarcoma (PAS) is among one of the rare malignancies with only a few hundred cases having been reported [@bib0001],[@bib0002]. PAS is commonly diagnosed as pulmonary embolism (PE) given similar constellation of symptoms including shortness of breath, chest pain, and cough. Additionally, computed tomography angiography (CTA) findings are similar to that of PE [@bib0001],[@bib0003]. Unfortunately, diagnosis is most often made at the time of post mortem assessment, although diagnosis by biopsy or surgical resection has been made in stable patients. Prognosis is poor and in a review of 93 cases in 1990, median survival was only 1.5 months from the date of diagnosis [@bib0004]. However, a more recent study in 2015 showed improved median survival of 17 months [@bib0005]. The treatment of choice is total surgical resection and is key to prolonged survival. Therefore, differentiating PAS from PE is crucial for optimal care of these patients. In the pediatric population, incidence of PE is significantly lower (0.14-0.9 in 100,000) compared to adults (302 in 100,000) and almost always associated with predisposing condition or an underlying hypercoagulable state [@bib0006],[@bib0007]. Hence, an expanded differential with additional imaging such as MRI or PET should be considered in a stable pediatric patient presenting with symptoms of PE. Here, we present a rare case of PAS in a pediatric patient and discuss the imaging options.

Case report {#sec0002}
===========

A 10-year-old female with history of asthma presented with a 5-month history of cough, 2 weeks of fever, and a 7 kg weight loss over the past month. Chest x-ray showed a right middle lobe consolidation with pleural effusion. She was diagnosed with pneumonia and treated with cefdinir and sulfamethoxazole/trimethoprim.

Follow up chest x-ray showed persistent pleural effusion and clinically, her symptoms continued. Patient subsequently underwent a CT angiogram which was interpreted as a large thromboembolism in the right main pulmonary artery ([Fig. 1](#fig0001){ref-type="fig"}A) with evidence of extension into the right interlobar artery ([Fig. 1](#fig0001){ref-type="fig"}C) resulting in multiple parenchymal infarcts ([Fig. 1](#fig0001){ref-type="fig"}A-B). Echocardiogram showed the same mass in the right pulmonary artery with complete obstruction of flow. Baseline technetium 99m macro aggregated album (^99m^Tc-MAA) perfusion scan was performed to quantify the perfusion of the lungs which showed essentially no perfusion to the right lung suggestive of complete obstruction of the right pulmonary artery ([Fig. 1](#fig0001){ref-type="fig"}E). Doppler ultrasound of the lower extremities was negative. Her D-dimer was elevated at 12.6 ug/ml. She had a negative family history for underlying hypercoagulable state. Additional laboratory studies for hypercoagulability work up were negative, including assays for Factor VIII, Protein S, Protein C, Factor V Leiden, Prothrombin Mutation, Cardiolipin Ab, Homocysteine, β2-Glycoprotein-1 Ab.Fig. 1Preoperative image findings. (A) CTA with soft tissue window showing a large non-enhancing filling defect in the right pulmonary artery (white open arrow). Peripheral wedge shaped pulmonary opacities suggesting developing infarcts (black solid arrows). There is associated reactive pleural effusion. (B) CTA with lung window showing wedge shaped pulmonary infarcts. (C) CTA with soft tissue window showing non-enhancing filling defect in the interlobar pulmonary artery on the right (white arrow on the right) and no filling defects on the left (white arrow on the left). (D) CTA with soft tissue window showing non-enhancing filling defect in the right pulmonary artery leading to mild expansion of the RPA with mild extension into the main pulmonary artery. There is normal opacification of the rest of the main pulmonary artery. (E) 99MTc-MAA scan showing lack of perfusion to the right lung.Fig. 1

She was admitted and started on heparin drip to treat the presumed thrombus. She did not have tachypnea, chest pain, or hypoxia, and hence was discharged home on therapeutic treatment dose of low molecular weight heparin. However, the following day, she was readmitted due to development of shortness of breath and fever. In review of the previous CT angiogram, the appearance of the PE was atypical. The filling defect was predominantly located in the right main pulmonary artery, with minimal central extension into the main pulmonary artery and without extension into the left main pulmonary artery ([Fig. 1](#fig0001){ref-type="fig"}A). There was mild expansion of the right main pulmonary artery suggesting a mass and concerning for a possible tumor ([Fig. 1](#fig0001){ref-type="fig"}D). There was no appreciable contrast enhancement and there were no areas of calcification or necrosis.

Given lack of improvement with anticoagulation, a negative hypercoagulable workup, negative family history, atypical CT angiogram for PE, and rarity of PE in children, this was concerning for a nonthrombus mass. Additional imaging was not considered at this time due to worsening symptoms and decision was made to proceed with surgical resection.

A total surgical resection was performed and tolerated well. Majority of the tumor was composed of cytologically bland, stellate cells deposited in myxoid stroma ([Fig. 2](#fig0002){ref-type="fig"}). Tumor cells showed significant pleomorphism near the apparent luminal edge. Small foci within the tumor were more cellular and composed of spindled cells with a loose fibrous stroma rich in chronic inflammation. These cells were immunoreactive for smooth muscle actin; immunostains for ALK-1 and MDM2 were negative. Based on the morphologic and immunohistochemical findings, a final histologic diagnosis of a "low grade intimal sarcoma" was rendered [@bib0008].Fig. 2Hematoxylin and eosin stain of tumor. (A) The tumor was composed of alternating mxyoid and cellular foci (magnification x100). (B) The more cellular zones of the tumor were composed of plump spindled cells deposited in a fibrous stroma containing chronic inflammation (magnification x200). (C) The myxoid zones of the tumor were extensively necrotic, but tumor cells located at the intraluminal aspect were viable and displayed moderate pleomorphism (magnification x200).Fig. 2

Immediate postoperative CTA showed residual filling defect in the right interlobar artery. There was a complete resolution of the infarcts and the reactive pleural effusion. On the ^99m^Tc-MAA perfusion scan, there was marked improvement in the right lung perfusion. A subsequent MRI and CTA 3 months after surgery showed resolution of the filling defect. Given the low grade nature of the tumor and resolution of the mass, she did not receive adjuvant chemotherapy or radiation. At the most recent 5-year visit, she continues to be disease free.

Discussion {#sec0003}
==========

PAS is extremely rare in children with only 5 reported cases [@bib0009], [@bib0010], [@bib0011], [@bib0012]. Presenting symptoms included shortness of breath in 3 cases, poor feeding, edema and syncope each in one case, and one case that was asymptomatic. Imaging studies performed before surgical intervention were echocardiogram in 4 cases, cardiac MRI in 1 case, and 1 patient died before imaging could be obtained. Documented survival including our own case reported above, ranged from death on the day of admission to 5 years with 2 patients lost to follow up ([Table 1](#tbl0001){ref-type="table"}).Table 1Summary of pediatric primary pulmonary artery sarcoma.Table 1AgeSexPresenting symptomImagingTreatmentPatient status1 [@bib0009]2 moMTachypnea, poor feeding, and murmurEchocardiography Severe Pulmonary stenosisSurgical Resection Chemotherapy with Cytoxan, doxycycline, vincristine alternating with etoposide and ifosfamide3 mo follow up.2 [@bib0010]17 yMSyncopeEchocardiography Cardiac MRISurgical ResectionAlive after surgery. No follow up.3 [@bib0011]11 yMWorsening Dyspnea on exertion. Murmur. Hypoxia of 84%EchoSurgical Resection15 days post op. Lost to follow up.4 [@bib0012]14 yMMurmurEcho followed by AngiographySurgical Resection14 mo follow up. Lost to follow up.5 [@bib0012]13 yMWorsening dyspnea with exertion. Worsening EdemaNoneNoneDied of disease before treatment610 yFCough, weight loss, and feverCTA and EchocardiographySurgical Resection5 y follow up.

Interestingly, in the limited pediatric cases, echocardiogram was the only imaging study performed in 3 of 5 cases. One report in pediatrics used MRI for diagnosis of PAS and could visualize the attachment of the mass to the intima of the pulmonary artery [@bib0009]. None of the pediatric cases used PET and hence its utility in diagnosis of children with PAS is unclear. In our case report, additional imaging was considered. However, due to worsening symptoms, decision was made to proceed with surgical intervention without additional imaging.

PAS is rare in adults although higher compared to pediatrics. Radiological experience in adults with PAS provides some guidance. CTA findings are similar to that of PE although there are features which point to PAS. Abrupt vascular narrowing and cutoff is more common in PE while vascular distension and unilateral involvement is more common in PAS [@bib0013],[@bib0014]. Also, heterogeneous filling defect with heterogeneous enhancement suggests neoplastic process. Extravascular extension can be present in some cases and be detected on CTA. On conventional angiography, irregular and bulky polypoid or lobulated masses are highly suggestive of sarcomas. In one recent report, \"Pseudo clot\" sign was described as variable contrast enhancement of the filling defect on CTA which is more characteristic of PAS [@bib0015]. However, many case reports have reported filling defects without significant enhancement and hence a negative finding should not automatically exclude PAS [@bib0014]. MRI with contrast has also been reported to show enhancement in PAS compared to PE. Also, features of vascular distension or invasive extravascular spread were easier to visualize on MRI [@bib0014]. MRI has also been used for postoperative assessment for residual disease and used for follow up surveillance imaging in adults [@bib0016]. PET has also been used in making the diagnoses. Although the role of PET is still under investigation [@bib0017],[@bib0018], one study showed an average standard uptake value (SUVmax) of 7.63 for PAS compared to 2.31 for PE indicating possible use of SUVmax for differentiating PAS from PE [@bib0019].

In conclusion, timely recognition and early surgical intervention in PAS is critical to patient survival. A high index of suspicion should be raised for diagnosis of PAS in pediatric patients presenting with symptoms of PE since PE is extremely rare in the pediatric population without a predisposing factor. Given that early surgical intervention is key to survival, proceeding to surgical resection is crucial. However, surgical intervention is highly invasive with significant risks for morbidity and mortality. Hence, decision to pursue surgical resection is difficult and requires an experienced multidisciplinary team to determine the risks and benefits. Radiological imaging options to aid in the decision making should be considered carefully in the stable patient. First, a careful review of the already obtained CTA for characteristics of malignant process should be performed. Namely, differentiating features for PE being abrupt vascular narrowing and cutoff while for PAS, vascular distension and unilateral involvement is more common. In the stable patient, additional imaging with MRI or PET could be explored and may provide guidance when making the difficult decision to proceed with surgical resection.
